Abstract The present study adapted the HotSHOT method, a technique which has been successfully applied on different kinds of tissues, to studies of Sarcoptes. Some modifications of this technique were made which allowed the quick preparation of PCR-quality Sarcoptes genomic DNA (gDNA), namely applying sodium hydroxide as a substrate for three cycles of thermal shock, followed by a short incubation and pH adjustment with a Tris solution (HotSHOT Plus ThermalSHOCK). The performance of this technique was tested by amplifying a~450-bp rDNA fragment of the second internal transcribed spacer (ITS-2) and by multi-locus genotyping using ten microsatellites on 520 individual Sarcoptes samples. No difference in performance was observed between gDNA samples prepared using the HotSHOT Plus ThermalSHOCK technique and those prepared using a commercial kit utilizing proteinase K digestion. The results demonstrated that the HotSHOT Plus ThermalSHOCK technique is time-saving, economic, and easily automatable for the preparation of PCR-quality mite gDNA, which has implications for studying the molecular biology of mites with human and animal health significance. Although tested in the present study using Sarcoptes mites as a model, this technique may find broad applicability in extraction of gDNA from other parasites with small sizes and hard bodies.
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Studies on the scabies agent, Sarcoptes scabiei, has indeed taken a leap into the molecular era, and the recent molecular advances have shown the potential for development of novel strategies towards the prevention, diagnosis, treatment, control, and immunotherapy of this important but neglected parasite (Walton et al. 2004 ). Nevertheless, due to the nature of S. scabiei, namely the small size (Fain 1978) and the difficulty to disrupt this hard-bodied parasite (hard chitinous exoskeleton), preparation of mite genomic DNA (gDNA) is generally known to be expensive (depending on commercial kits), laborious and time-consuming (requiring many steps including many hours of enzymatic digestion), with relatively high rate of failed reactions (Walton et al. 1997; Berrilli et al. 2002) . The difficulties to obtain PCRquality Sarcoptes mite gDNA, together with the limited access to mite material (Mellanby 1944) , make it necessary to find alternative methods or to adjust existing methods to the peculiarity of Sarcoptes genetic studies.
Since its first application, HotSHOT has proven a rapid and inexpensive method to obtain good quality DNA from different tissue types (Truett et al. 2000; Jørgensen et al. 2005; Klover and Hennighausen 2007) . The savings in time and reagents over traditional DNA preparation methods are substantial, and the quality of the gDNA is as good or slightly better than gDNA prepared by traditional methods. Based on known advantages of HotSHOT, the objective of the present study was to modify the original HotSHOT technique, by combination of some cycles of thermal shock (HotSHOT Plus ThermalSHOCK) to obtain PCR-quality Sarcoptes gDNA.
Five hundred and twenty adult mites were isolated from the skin of naturally infected European wild mammals, namely Alpine chamois Rupicapra rupicapra, red fox Vulpes vulpes, Alpine ibex Capra ibex and European moufflon Ovis aries musimon from Italy, as well as Southern chamois Rupicapra pyrenaica, Iberian ibex Capra pyrenaica and red fox from Spain. Mites were identified as Sarcoptes scabiei according to the morphological criteria of Fain (1968) .
The reagents for HotSHOT Plus ThermalSHOCK were prepared as described previously (Truett et al. 2000) with some modifications, justified by the small size and the hard chitinous exoskeleton of S. scabiei. An alkaline lysis reagent with 25 mM NaOH, 0.2 mM disodium EDTA and a pH of 12 was prepared by dissolving the salts in distilled water without adjusting the pH. A neutralizing reagent with 40 mM Tris-HCl and a pH of 5 was prepared by dissolving Tris-HCl in distilled water without adjusting the pH. Two hundred and sixty Sarcoptes mites were placed individually into 96-well thermal cycler plates. Twenty-five microliters of alkaline lysis reagent was added to each well, and followed by three cycles of thermal shock (aiming to disrupt the exoskeleton) consisting of 2 min at −80°C (freezing step) and 15 s at +70°C (thawing step), then the samples were heated to 95°C for 10, 20, 30, 40, 50, or 60 min (43 mite samples for each temperature point). After heating, the samples were cooled to 4°C and 25 μl neutralizing reagent were added to each sample. The resulting buffer from the combination of the two reagents consisted of 20 mM Tris-HCl (pH 8.1) and 0.1 mM EDTA, which was similar to the traditional DNA storage buffer.
For comparative purpose, the commercial NucleoSpin Tissue Kit (Macherey-Nagel, Düren, Germany) using proteinase K digestion with one step of overnight lysis was used to obtain PCR-quality mite gDNA from 260 individual Sarcoptes mites according to the manufacturer's recommendations. The resulting volume of each sample was 50 μl, the same as that in HotSHOT Plus ThermalSHOCK technique.
The performance of gDNA samples extracted by the HotSHOT Plus ThermalSHOCK technique and those prepared using the commercial kit was tested and compared by amplifying the second internal transcribed spacer (ITS-2) of ribosomal DNA (rDNA), as well as by multi-locus Control DNA was prepared using a commercial kit. HotSHOT plus ThermalSHOCK was performed as described in Fig. 1 10× genotyping using microsatellite markers. The ITS-2 rDNA (~450 bp) was amplified by PCR using primers RIB-18 and RIB-3 as reported by Zahler et al. (1999) and following these authors' protocols. From the panel described by Walton et al. (1997) , ten microsatellites (SARMS 33, 34, 35, 36, 37, 38, 40, 41, 44, and 45) were selected and applied with one multiplex 10× PCR as reported by Soglia et al. (2007) , using Sarcoptes mite gDNA samples prepared by HotSHOT Plus Thermal-SHOCK or those prepared using the commercial kit. The yield of soluble DNA was measured, only for successful reactions, by A260:A280 nm absorbance ratio using a spectrophotometer.
In the present study, 5,720 locus-specific reactions were carried out, and 773 reactions out of 2,860 (27.0%) failed with gDNA prepared by HotSHOT Plus ThermalSHOCK, whereas 776 reactions out of 2,860 (27.1%) failed with gDNA prepared by the traditional method. Evidence shows that no statistical difference exists between the two methods (Fisher's exact test) regarding the number of failed reactions. Nevertheless, the number of reactions failed by the HotSHOT Plus ThermalSHOCK varied with the heating time, being statistically lower when 10 min heating time was applied (P<0.001), while no differences occurred following application of the remaining temperature points, which could be attributed to the hard chitinous exoskeleton of this parasite. The yield of the soluble DNA using the HotSHOT Plus ThermalSHOCK technique increased slightly with the increase of heating time (Fig. 1) . However, the variation in soluble DNA among different durations of heating time had little influence on the amplification of the PCR product (Fig. 2) .
The findings are consistent with the results obtained by Truett et al. (2000) , applying HotSHOT technique on different tissue types. The results of the present study unambiguously show that mite gDNA prepared by Hot-SHOT Plus ThermalSHOCK is as good as the Sarcoptes gDNA prepared using the commercial kit and that the duration of heating time is not critical to the reaction outcomes and it may be chosen for the convenience of investigators, between 20 and 60 min.
In conclusion, the HotSHOT Plus ThermalSHOCK technique was applied successfully to obtain PCR-quality Sarcoptes mite gDNA from hundreds of single Sarcoptes samples with no statistical differences compared with the commercial kit. The HotSHOT Plus ThermalSHOCK technique is time-saving, economic, and easily automatable for the preparation of PCR-quality mite gDNA, which has implications for studying the molecular biology of mites with human and animal health significance. Although evaluated in the present study using Sarcoptes mites as a model, this technique may find broad applicability in extraction of gDNA from other parasites with small sizes and hard bodies.
